Abstract-The key objective of this work was to obtain a MIMO model for a Line of Sight (LOS) channel component as well as the covariance matrix for a Non LOS deployment. A Maximum Likelihood Criteria is applied to obtain a LOS Spatial Signature Vector and a NLOS Covariance Matrix derived from channel measurements taken in the 2GHz UMTS spectrum for an urban deployment in Bristol (UK). Different user equipment deployments were considered to represent both LOS and NLOS, as well as static and dynamic (motion) situations. The parameters of interest were estimated from these data and the fitness model was satisfactorily evaluated in all cases. Further, the Kronecker product between transmitter and receiver matrices was evaluated in order to simplify the model, for both, LOS and NLOS cases, including polarization diversity cases..
INTRODUCTION
In order to ascertain the benefits of advanced transmit diversity techniques it is necessary to model the performance of the MIMO channel and thus analyze its influence on the global performance of a system. Previous works, as for instance [1] for 2Ghz and [2] for 5 Ghz, are related with MIMO channel models and based on experimental measurements for different environments.
In this paper, a statistical 2 GHz urban MIMO channel model is proposed based on experimental measurements of the channel response. One of the innovative aspects of the procedure used to obtain the model, consists on applying the ML criteria to real data measures in order to obtain LOS and NLOS terms. The stochastic MIMO channel model here presented is parameterized by second and also first statistical moments and by the LOS Doppler frequency shift between 1 This work is involved in the EC -IST-199-10322, SATURN project and it is also partially supported by Spanish Government Grants:,TIC2000-1025,and Generalitat of Catalunya Grant 2001SGR 00268
Base Station and Mobile Station equipments. The second statistical moment is the spatial covariance matrix that can be directly related to the diffuse or NLOS components. The first statistical moment represents the LOS component or direct path component, rarely modelled in MIMO propagation channel models. The model considers i) LOS or NLOS presence, ii) Wideband and Narrowband delay spectra and it is supported by measurement data obtained as part of the European IST SATURN (Smart Antenna Technology in Universal bRoadband wireless Networks). Section II describes the MIMO measurement campaign conducted in a small cell urban outdoor environment within the 2GHz UMTS band. In section III the channel matrix to be modeled is presented and the Maximum Likelihood Criteria (MLC) is applied to compute the channel parameters. Section IV shows theoretical discussions about the Kronecker factorization validated by simulations. In section V, the theoretical development is applied about the 2GHz urban measured data obtained and the model fitness is evaluated. Conclusions are given in section VI.
II. MIMO MEASUREMENT CAMPAIGN
The measurement campaign was conducted in Clifton, a dense urban area in Bristol, using the state-of-the-art Medav RUSK BRI vector channel sounder. The measurements occupied a 20MHz bandwidth in the 1910-1930MHz UMTS band. A MIMO configuration of 4 Tx * 8 Rx, consisting of 2 dual polarized UMTS panel antennas at the transmitter and a linear array of 4 dual polarized patch antennas at the receiver, was employed. The antenna separations were 20λ at the transmitter and 0.5λ at the receiver.
The Medav channel sounder is purpose built for SIMO measurements, which can receive and digitally store channel data from 8 antenna ports. In order to carry out MIMO measurements, several hardware customizations were necessary. This included the integration of a high speed multiplexer at the transmitter end to switch through multiple output ports, and digital circuitry that could maintain the synchronism between transmitter and receiver operation.
The repetitive AGC burst from the receiver (with a period of 1024µs) was used as the master time reference for transmit antenna multiplexing. With the 4*8 MIMO configuration, two MIMO snapshots can be completed within the time grid as depicted in Figure 1 . These two snapshots are well within the outdoor channel coherence times, so these sequential measurements can be assumed to represent true MIMO parallel channels. During the campaign, the transmit site was located on a rooftop and the receiving equipment were driven around in a car. Two sets of measurements were taken, one with a stationary car and the other while the car was moving. A single measurement lasted for 4.9 sec, gathering 400 MIMO snapshots. A full description of this campaign can be found in [5] . 
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b is the mean column vector that represents the spatial signature of the arrival signal. Its value is assumed constant along measure time span. For a LOS situation, the signature vector b is probably caused by a single direct path. But for NLOS situations if a strong specular component is present in the environment, the spatial signature b can be caused by more than one ray. This is an important factor to avoid factorization of vector b with angle of arrival or any other parameter. The rest of paths in (1) 
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• Rice factor is computed in dB from previous averaged estimated statistical moments as ( )
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IV. LOS AND NLOS COMPONENTS KRONECKER FACTORIZATION
The Kronecker factorization is proposed in this section for the spatial covariance matrix of the NLOS component and as innovative feature for the LOS term (first order statistical moment). For polarization diversity cases a new factorization is proposed consisting in a modified version of the proposed in [3] , and it is validated by Monte Carlo simulations and by experimental results.
A. Covariance matrix and mean vector factorization.
The widely assumed transmitter and receiver independence condition leads to a structured form for covariance matrix. For a single polarized MIMO structure [1] , [2] .
Rx Tx C C C ⊗ = . We propose in this work two extensions of the property assumed in (7).
i)
To generalize this factorization to a dual polarized structure. When each antenna sensor is duplicated at both ends (transmitter and receiver) to a double polarized one, the number of SISO channels is multiplied by four. The polarization effects on the covariance matrix can be decoupled as:
is the sub-matrix denoting the polarization effects. ii)
To apply the proposed factorization to the LOS term or spatial signature vector:
Simulation Results
The LOS component has been simulated as two symmetric simultaneous rays. The LOS factorization has been evaluated for different angular separation between the two rays and different angles of arrival respect the broadside. Figure 2 . shows the error in % produced by the Kronecker factorization applied to the spatial signature vector:
where . represents the Euclidean norm. 
where . is the Frobenius norm., for three different factorization levels (FL) applied to the covariance matrix:
0-7803-7954-3/03/$17.00 ©2003 IEEE. (2) is only applied to sub-matrices with single polarized sensors at both end (transmitter and receiver) [3] . This situation is represented by "triangles" in the figures. From Figure 2 . , Figure 3 . and other simulations results it can be concluded that: the Kronecker approximation between transmitter and receiver spatial signatures and covariance matrices will be maintained low (lower than 5% error) for:
FL1: Kronecker factorization proposed in
• Angular spread maintained lower than 100 degrees.
• Antenna element spacing must be maintained low, about 0.5 λ .
• This previous property only has influence on FL1.
Logically it doesn't modify the polarization factorization effects.
• The Kronecker approximation improves with the number of scatters. From 25 scatters to up the error in the approximation remains more or less constant.
• In general, the polarization factorization (FL2 and FL3), causes higher errors in the proposed approximation, only moderated for delay spread values under 100 degrees (situation that could be associated to pinhole effect in urban environments). For high spaced sensors the proposed approximation FL3 gives an error similar to the approximation FL1.
V. EXPERIMENTAL RESULTS
A complete set of datafiles were recorded by the partner UoB (University Of Bristol) in the environment of the IST project SATURN . An example is presented (Dynamic LOS), when the maximum likelihood criteria is applied to the real data measured by a 2, 
B. Kronecker Factorization error.
For a LOS Dynamic experimental file, FL errors have been evaluated for the spatial signature vector and the covariance matrix described in sections III and IV. In Table 1, FL1 FL2  and  FL3  are  applied  to  estimated data. To evaluate the goodness of fit, the recorded real data (assumed to be a Gaussian process in (3)) is previously whitened. In the theoretical model for a MIMO snapshot, the NLOS component can be expressed as: 
VI. CONCLUSIONS
In this work, we have presented a methodology to model the channel for real data MIMO snapshots. A stochastic channel model has also been computed from real data measured in 2GHz UMTS urban environment. The model fitness has been evaluated for all the recorded files during the measures campaign, producing in all the cases satisfactory results.
The model can be generalized to higher order MIMO structures and can be applied to different situations considering LOS or NLOS and static and moving conditions between antennas. In the context of the EC -IST-199-10322, SATURN project, [5] shows a complete analysis of all this kind of situations.
